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IN THE CLAIMS 

Please amend claims 2, 21, 22 and 35 and add newly written claims 44-58 as 
follows. 

i 

Please substitute the following amended claim(s) for corresponding claim(s) 
previously presented. A copy of the amended claim(s) showing 1 current revisions is 
attached. ' 



1. (Previously Presented) A photovoltaic device comprising: 
a plurality of quantum wells and j 

j 

a plurality of barriers, said barriers alternating with said Quantum wells, one of 

j 

said plurality of quantum wells and said plurality of barriers comprised of tensile strained 
layers and the other of said plurality of quantum wells and said plurality of barriers 
comprised of compressively strained layers, said tensile strained! layers and said 

i 

compressively strained layers having compositions such that a period of one tensile 
strained layer and one compressively attained layer exerts substantially no shear force on 
a neighbouring structure. 




2. (Currently Amended) A photovoltaic device as claimed in claim 1 , wherein said 
neighbouring structure is one of: 

a further period of one tensile strained layer and one compressively strained layer; 
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a layer of arbitrary doping having a lattice constant; and 
a substrate having a lattice »nn n t n n t-»h a ™m nffHmjrj' d oping lay e r lat t iui 
constant i3 subotantially the same aa said oubotrato lattice oonstijtnt . 



3. (Original) A photovoltaic device as claimed in claim li being a crystalline 
photovoltaic device grown upon a substrate with a substrate lattice constant. 

4. (Previously Presented) A photovoltaic device as claimed in claim 3, wherein at 
least one of said tensile strained layers or said compressively sojained layers is a quantum 
well having a lattice constant not equal to said substrate lattice constant and having a 
Group ffl/V semiconductor composition with a bandgap lower than if said quantum well 
had a lattice constant equal to said substrate lattice constant. j 

i 

i 
i 

;. | 

i ■ 
I 

5. (Previously Presented) A photovoltaic device as claimed in claim 3, wherein at 
least one of said tensile strained layers or said compressively strained layers is a barrier 

I i 

having a lattice constant not equal to said substrate lattice constant and a Group IIW 

semiconductor composition with a bandgap higher than? if said bjrrier had a lattice 

i 

constant equal to said substrate lattice constant. ! 



6. (Original) A photovoltaic device as claimed in claim 1 jwherein said multipl 
quantum well portion is formed of alternating quantum well layers and barrier lay< 



e 

ers 
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having a Group III/V semiconductor composition, wherein a period of one quantum well 
layer and one quantum barrier layer contains at least four different elements and has an 
average lattice constant substantially matching a neighbouring structure lattice constant. 

7. (Original) A photovoltaic device as claimed in claim 4, wherein said substrate 
is InP and said compressively strained layer is In x Gai. x As, where x>0.53. 

8. ( Original) A photovoltaic device as claimed in claim 5, wherein said substrate 
f is InP and said tensile strained layer is InxGai^ASi.yPy, where y^O. 



9. (Original) A photovoltaic device as claimed in claim 8, wherein y=l such that 
said tensile strained layer is GalnP. 



10. (Original) A photovoltaic device as claimed in claim wherein said substrate 
is InP and said multiple quantum well portion is formed of layers of Al x Ga t . x As y Sbi. y , 
where 0£x<l and 0£y£l. 



11. (Original) A photovoltaic device as claimed in claim $, wherein said substrate 
is GaSb and said multiple quantum well portion is formed of layers of In,G ai . x As y Sbi. y , 
where 0£x£l and 0£y£l. 



-4- 

Received from < 703 816 4100 > at 7/22/03 3:26:24 PM [Eastern Daylight Time] 



751349 



NIXON & VANDERHYE*^ Fax:703-81 6-41 00 Jul 22^3 15:30 P. 07 

ROHR et al 

Serial No. 09/955,297 

July 22, 2003 



12. (Original) A photovoltaic device as claimed in claim 3, wherein said substrate 
is GaAs. 

13. (Original) A photovoltaic device as claimed in claim 12, wherein said multiple 
quantum well portion is formed of layers of InxGa^ASyP^, whWe fcficSl and 0<y£l. 



14. (Original) A photovoltaic device as claimed in claimj 1, wherein said multiple 

i 

quantum well portion is formed upon a virtual substrate composed of a strain relaxed 
buffer layer having a virtual substrate lattice constant different from a substrate lattice 
Q (JYl~f^ COnStaDt ° f m underlyin £ substrate. 

15. (Original) A photovoltaic device as claimed in claim 1 14, wherein said virtual 
substrate is InPi.yASy, where 0<y<l , and said substrate is InP. 




16. (Original) A photovoltaic device as claimed in claim 
photovoltaic device is a thermophotovoltaic device. 



1, wherein said 



17. (Original) A photovoltaic device as claimedin claim I , wherein said quantum 
wells have a bandgap substantially equal to or less thani0.73eV I 
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18. (Original) A photovoltaic device having a multiple well quantum portion 
formed upon a virtual substrate having a virtual substrate lattice constant different than a 
substrate lattice constant of an underlying substrate, wherein said virtual substrate is InP,. 
xA8 x , where 0<x<l , and said substrate is InP. 

19. (Original) A photovoltaic device as claimed in eland 18, wherein said multiple 
quantum well portion is formed with alternating tensile strained layers and compressively 

i 

strained layers, said tensile strained layers and said compressive^ strained layers having 
f compositions such that a period of one tensile strained layer ancj one compressively 
strained layer exerts substantially no shear force on a neighbouring structure. 

j 

: i 

; ! 

20. (Original) A photovoltaic device as claimed in claim jl9, wherein said 
neighbouring structure is one of: j 

a further period of one tensile strained layer and one compressively strained layer; 
a layer of arbitrary doping having the same lattice constant as said virtual 

substrate; and j 

I 

said virtual substrate. I 

i 
I 

21. (Currently Amended) A photovoltaic device as claimed in claim 4S20, 
wherein at least one of said tensile strained layers or said compressively strained layers is 
a quantum well having a lattice constant not equal to said substrate lattice constant and a 
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Group IH/V semiconductor composition with a bandgap lower than if said quantum well 
had a lattice constant equal to said substrate lattice constant. 




/ 



22. {Twice Amended) A photovoltaic device as claimed in claim 4 &20. wherein at 
least one of said tensile strained layers or said compressively strained layers is a barrier 
having a lattice constant not equal to said substrate lattice constknt and a Group UJ/V 
semiconductor composition with a bandgap higher than if said barrier had a lattice 
constant equal to said substrate lattice constant. 

i 
I 

23. (Original) A photovoltaic device as claimed in claim;18, wherein said multiple 
quantum well portion is formed of alternating quantum well layers and barrier layers 
having a Group III/V semiconductor composition, wherein a period of one quantum well 
layer and one quantum barrier layer contains at least four different elements and has an 

i 

average lattice constant substantially matching a neighbouring structure lattice constant. 



24. (Original) A photovoltaic device as claimed in claim 21, wherein said 

substrate is InP and said compressively strained layer is I^Ga^s, where x is larger than 

i 

z of In z Gai. z As which is lattice-matched to the virtual substrate. 

25. (Original) A photovoltaic device as claimed in claim 23, wherein said 
substrate is InP and said tensile strained layer is InxGa^Asj.yPy, where y>0. 
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26. (Original) A photovoltaic device as claimed in claim 25, wherein y=l such 
that said tensile strained layer is GalnP or wherein x=l such thkt said tensile strained 
layer is InAsP. 

27. (Original) A photovoltaic device as claimed in claim 18, wherein said 
substrate is InP and said multiple quantum well portion is formed of layers of Al x Gai. 

J x ASySbi. y , where 0£x£l and 0<y£l. i 

U 28.-30. (Cancelled) 

i 

31. (Original) A photovoltaic device as claimed in claim il8, wherein said 
photovoltaic device is a thermophotovoltaic device. 

j 

32. (Original) A photovoltaic device as claimed in claim b, wherein said 
quantum wells have a bandgap substantially equal to or less thari 0.73eV 

33. (Original) A photovoltaic device having a multiple quantum well portion 

i 

formed of strained alternating quantum well layers of IhxGaj.^Asi where x>0.53, and 

i 

barrier layers of Gaylni-yP, where y>0. ! 
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34. ( Original) A photovoltaic device as claimed in claim 33, wherein said multiple 
quantum well portion is formed with alternating tensile strained^ layers and compressively 
strained layers, said tensile strained layers and said compressively strained layers having 
compositions such that a period of one tensile strained layer and one compressively 

i 

strained layer exerts substantially no shear force on a neighbouring structure. 

35. (Currently Amended) A photovoltaic device as claimed in claim 34, wherein 
I said neighbouring structure is one of: 

L^/ f . a further period of one tensile strained layer and one compressively strained layer; 
C wtl(y a laver of arbitrary doping having a lattice constant; and 

a substrate having a lattice constan t, nrtimwin ™a nrHtTnry d oping lay or lattice 
oonotont is pubotantially the Game ao said oubotrato lattic e oonstont . 

i 

36. (Original) A photovoltaic device as claimed in claim 33, being a crystalline 
photovoltaic device grown upon a substrate layer with a substrate lattice constant. 



37. (Original) A photovoltaic device as claimed in claim 
substrate is InP. 



36, wherein said 



38. (Original) A photovoltaic device as claimed in claim 33, wherein said multiple 
quantum well portion is formed upon a virtual substrate composed of a strain relaxed 
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buffer layer having a virtual substrate lattice constant different from a substrate lattice 
constant of an underlying substrate. 

39. (Original) A photovoltaic device as claimed in claim 38, wherein said virtual 
substrate is InPj, y As y , where 0<y<l, and said substrate is InP. I 




/ 



40. (Original) A photovoltaic device as claimed in claim 33, wherein said 
photovoltaic device is a thermophotovoltaic device. 

i 

i 

41. (Original) A photovoltaic device as claimed in claim|33, wherein said 

: i 

quantum wells have a bandgap substantially equal to or less thai 0.73eV. 



42. (Previously Presented) A photovoltaic device as claimed in claim 1, wherein 

i 
i 

said quantum wells comprise said compressively strained layers] 



43. (Previously Presented) A photovoltaic device as clanked in claim 1, wherein 
said barriers comprises said tensile strained layers. 



44. (New) A photovoltaic device having a substrate with a substrate lattice 
constant ^ and multiple quantum well portion with alternating tensile strained layers with 
a lattice constant a,, a thickness tj and elastic stiffness coefficients C u and C 12 and 
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compressively strained layers with a lattice constant a 2 , a thickness t 2 and elastic stiffness 
coefficients C2 t and C22, said tensile strained layers and said compressively strained 

j 

layers having compositions such that a period of one tensile striined layer and one 
compressively strained layer substantially meets the conditions: 



_ / 



where 

^11 



'21 



\and 



45. (New) A photovoltaic device as claimed in claim 44, wherein at least one of 
said tensile strained layers or said compressively strained layers is a quantum well having 
a Group WW semiconductor composition with a bandgap lower than if said quantum 
well had a lattice constant equal to said substrate lattice constant 

46. (New) A photovoltaic device as claimed in claim 44, Wherein at least one of 
said tensile strained layers or said compressively strained layers is a barrier having a 
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Group IH/V semiconductor composition with a bandgap higher than if said barrier had a 
lattice constant equal to said substrate lattice constant, 

47. (New) A photovoltaic device as claimed in claim 44, wherein said multiple 
quantum well portion is formed of alternating quantum well layjers and barrier layers 
having a Group ID7V semiconductor composition, wherein a period of one quantum well 
layer and one quantum barrier layer contains at least four different elements and has an 

: ! 

average lattice constant substantially matching a neighbouring structure lattice constant. 



48. (New) A photovoltaic device as claimed in claim 45, Wherein said substrate 
InP and said compressively strained layer is In x Ga!. x As, where x>0.53. 



is 



49. (New) A photovoltaic device as claimed in claim 46, jvherein said substrate is 
InP and said tensile strained layer is In x Gai. x ASi. y P y , where y>0.i 



50. (New) A photovoltaic device as claimed in claim 49,,Wherein y^l such that 
said tensile strained layer is GalnP. 



51. (New) A photovoltaic device as claimed in claim 44, wherein said substrate is 
InP and said multiple quantum well portion is formed of layers oIf AkGa^AsySbi^ 
where Ofix^l and 0^y<l. 
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52. (New) A photovoltaic device as claimed in claim 44,; wherein said substrate is 
GaSb and said multiple quantum well portion is formed of layers of InxGa^AsySbLy, 
where 0£x<l and 05y<l. 



53. (New) A photovoltaic device as claimed in claim 44, wherein said substrate is 



GaAs. 




/ 54. (New) A photovoltaic device as claimed in claim 53, Wherein said multiple 

QjY)li$ qUantUm POfti0n " f0mied ° f toyWB ° f I * Qa i* A y , i-y. wh.sre OSxsSl and O^ysa. 

55. (New) A photovoltaic device as claimed in claim 44, wherein said substrate is 
a virtual substrate composed of a strain relaxed buffer layer havipg a virtual substrate 
lattice constant different from a substrate lattice constant of an underlying substrate. 

56. (New) A photovoltaic device as claimed in claim 55, wherein said virtual 
substrate is InPj.yAsy, where 0<y<l ( and said substrate is InP. 



57. (New) A photovoltaic device as claimed in claim 44, vjherein said photovoltaic 
device is a thermophotovoltaic device. j 
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58. (New) A photovoltaic device as claimed in claim 44, wherein said quantum 
wells have a bandgap substantially equal to or less than 0.73eV; 
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